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Abstract. This paper presents a co-design process and an assisted nav-
igation strategy that enables a novel assistive robot, Smart Hoist, to
aid carers transferring non-ambulatory residents. Smart Hoist was co-
designed with residents and carers at IRT Woonona residential care fa-
cility to ensure that the device can coexist in the facility, while providing
assistance to carers with the primary aim of reducing lower back injuries,
and improving the safety of carers and patients during transfers.
The Smart Hoist is equipped with simple interfaces to capture user inten-
tion in order to provide assisted manoeuvring. Using the RGB-D sensor
attached to the device, we propose a method of generating a repulsive
force that can be combined with the motion controller’s output to allow
for intuitive manoeuvring of the Smart Hoist, while negotiating with the
environment.
Extensive user trials were conducted on the premises of IRT Woonona
residential care facility and feedback from end users confirm its intended
purpose of intuitive behaviour, improved performance and ease of use.
Keywords: Assistive Robots, Aged Residential Care, Patient Hoist,
Human Robot Interaction, Navigation Assistance
1 Introduction
Assistive robots [1–4] are devices that work collaboratively with a range of human
users; as assistants, tools and as companions. These machines are expected to be
able to perceive the user’s behaviour and needs, communicate in a human-centred
manner, and respond safely and efficiently to directions. Although machines for
assisting users in performing difficult tasks have already been adopted in many
industry sectors, the potential of assistive robotics in aged care has only gained
attention in the last few decades.
Many assistive robots have emerged in recent years such as smart wheelchairs
[5], smart walkers [6], and telepresence robots [7]. These devices assist people in
their daily living activities whether they are disabled or senior citizens, enhancing
their quality of life.
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Due to the increasing demand for aged care services and the continuing
decline in the relative availability of informal carers, the scarce trained aged
care workforce often find themselves overworked to meet community expecta-
tions. This combined with the high rate of work-related musculoskeletal injuries
amongst carers [8–11] and injuries to non-ambulatory residents occurring dur-
ing transfer (eg. bed to chair, chair to toilet and bath), gives rise to significant
costs and health & safety risks. Therefore it is equally important to assist these
stretched carers in order to improve safety and the quality of care services.
Motivated by this real need, the research work presented in this paper is
based on the Smart Hoist, a modified conventional patient lifter(standard hoist)
with the primary aim of reducing lower back injuries in carers, and improving
the safety of carers and patients during transfer in aged care facilities. The main
focus of this paper is to present the collaborative design methodology used in
developing a novel motorised patient lifting device and the human robot interac-
tion approaches used in controlling it. The paper also highlights the navigation
assistance methodologies incorporated in the Smart Hoist to further improve the
carer’s experience.
Obstacle detection and avoidance has always been an integral part any mobile
robot system [12–14]. This becomes more relevant in cluttered and confined
spaces. The main hurdle in implementing obstacle avoidance is the disparity
in the user intention and the robot’s movement. Either the user’s commands
override the system, or the robot takes control of the vehicle.
2 Collaborative Design Process of the Smart Hoist
The Smart Hoist device is targeted at a group of professionals specialised in aged
care, performing the specific tasks of resident lifting and transferring. Therefore
the active participation of the carers was crucial even during the early stages of
the design process. The ultimate goal was to build a device the carers would be
comfortable working with. This was one of the key pillars of the overall approach
in the design of the Smart Hoist.
The co-design approach enabled the involvement of future users who are fa-
miliar with the routine activities in an aged care facility in the design process,
which empowered the carers to make high level design decisions. The study was
conducted at the IRT Woonona aged care facility. Selection of the project partic-
ipants was done during the preliminary meetings with the help of IRT manage-
ment. A group of keen participants were chosen from the carers to participate
in subsequent co-design workshops.
The process of designing, developing and commissioning a single Smart Hoist
was performed over a period of 18 months commencing in December, 2012. At
the beginning of the co-design process, several knowledge-building meetings were
conducted to gain insight into resident lifting and transporting. During these
meetings a productive working relationship between the project participants
and the members of the research team was also formed.
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Subsequent co-design workshops involving 4-5 carers and one UTS member
who specialised in co-design were conducted as model building exercises [15].
Insight acquired during the knowledge-building meetings was quite resourceful
in forming the mockup models during these workshops.
The objectives of these co-design workshops were to design the Smart Hoist’s
user interface, external housing structure, key functionalities of the device and
the batteries. Key design considerations that were focused on during the co-
design workshops include driving confidence, comfort & ease of use, and safety
& efficiency. Some key outcomes from the discussions were:
– Assisted manoeuvring especially when loaded with a patient
– Weight measurement and Body Mass Index(BMI) calculation of the patient
– Ability to monitor the environment (esp. under furniture, beds)













Fig. 1: (a) Standard Joey™ Lifter from AIS healthcare Pty. Ltd. (b) UTS-IRT
Smart Hoist
The UTS-IRT Smart Hoist incorporates and builds upon the standard Joey™
Lifter from AIS healthcare Pty. Ltd. As part of the transformation the Joey™
Lifter has undergone a series of modifications which were completed with extreme
care to avoid compromising its structural integrity, comparison between the two
can be seen in Fig. 1. Modifications include:
– The linear actuators controlling the boom and the outriggers have been
retrofitted with encoders to determine their location
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– Strain gauges have been placed on the boom, which combined with the boom
angle allow for patient weight calculations.
– Strain gauges have also been placed onto the handlebars of the Smart Hoist
in order to detect the forces the carer applies to the hoist
– Rear caster wheels replaced with the Revolution 2™ assembly from 221
Robotic Systems
– A High Definition RGB camera placed at the top of the boom which provides
the carer with information about the environment behind them
– A RGB-D sensor positioned at the bottom of the hoist facing forward. The
camera provides the carer with information which is usually obstructed by
a hanging patient, additionally it provides vision of objects at the ground
level (eg. underneath beds, furniture)
– AGoogle®Nexus 7 provides a user interface to display system status(battery
charge, time, EStop status, etc), camera views, and weight information.
A more detailed description of the parts and components can be found in
[16].
3 User Intention Recognition
A major design consideration was to ensure that the method of manoeuvring
a standard hoist and the Smart Hoist were as similar as possible. A simple
admittance control strategy [16] is used to control the Smart Hoist.
When the carer exerts the force F on the handles of the hoist, a collective
opposing force of Cv is applied when the system moves at velocity v. If we assume
the mass of the system m and the parameter C are fixed, the response of the
system would be identical whether or not the system is loaded. By applying the
simple motion equation we get (1), giving the first order system (2), which can be
discretized to (3) at instance k. In order to ensure that the Smart Hoist behaved
similarly to a standard mechanical hoist, the research team identified the major
motion patterns [16] required for the everyday use of the standard hoist. The
motion logic [16] evaluates the trends in the strain gauge values and determines
the Smart Hoist’s motion and its linear velocities vx and vy in directions x, y,
and its angular velocity, ω in the z axis by the use of (3). Fig. 2 represents a
high level block diagram of the control system.
F − Cv = mv˙ (1)



































Fig. 2: Block diagram of the Controller.
4 Navigation Assistance Based on Environmental Data
During the co-design workshops it was mentioned by carers that, in their busy
daily schedules they find it difficult to navigate through narrow passageways and
door frames with a hoist, especially when loaded. Therefore the Smart Hoist is
designed to provide assistance when performing tight manoeuvres to minimise
the effort required by the carer to navigate through these tight spaces.
4.1 Sensing the Environment
The Smart Hoist makes use of the point cloud data generated from the RGB-D
sensor located at its base. The Asus®Xtion PRO Live is capable of publishing
point-clouds at a frequency of 30Hz. The point clouds are first processed to filter
spurious noise and a crop filter is then applied to remove the floor and hoist
sling which is normally in the sensor’s field of view. Since the RGB-D sensor
is mounted at a fixed elevation, this process is fairly trivial. The point cloud is
then segmented using a nearest neighbour method to identify and remove the
outriggers. It is then projected to the ground plane to generate a 2D birds-eye
view image.
The image is then used to extract the Unsigned Euclidean Distance Trans-
form (DT). For a binary image with the set of occupied pixels V , the formed
DT image in which each pixel value (x) indicates the minimum distance from
that point to the closest occupied pixel(v ∈ V ) is given by (4).
DT (x) = min
v∈V
|x− v| (4)
This is a linear time O(n) computation and requires just two passes over the
image [17]. Fig. 3 represents outputs of each stage of this process.
4.2 Navigation Assistance
With the DT image, it is simple to obtain the distance from the edge of each
outrigger to the closest obstacle. Assistance is provided when an outrigger re-
ports a distance less than the predefined safety margin. A sideway (y direction)
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Fig. 3: (a) Ground plane projection of the point-cloud, (b) Environment Map
after removal of outriggers, (c) DT image of the environment map.
repulsive force in the direction of the outrigger which is least susceptible to col-
lision is introduced. This repulsive force is applied in par with the strain gauge
inputs, and as a factor of the forward (x direction) input force. The new input
force to the system in (3), F is given by the empirically determined equation
seen in (5). The parameter P is derived from the closeness of the outrigger given
by the DT value above. The constant K scales the output of P so that the wheel
angle α is between 0◦ − 60◦ which is an empirically determined safe operating
angle for small confined regions.
Fy = Fy, handles + (K ∗ P ) ∗ Fx, handles
Fx = Fx, handles






To measure the level of assistance required to minimise collision when passing
through the narrow doorway shown in Fig. 4, two experiments were conducted.
The Smart hoist is initially placed at the start position. In the first experiment,
the Smart Hoist is pushed through the doorway and in the second experiment
the Smart Hoist is driven using a constant virtually simulated force input of
15N to the handles. The Fig. 5 shows the actual input forces and the forces
generated by the assistance strategy for the hoist’s outriggers to avoid collision
with obstacles.
As seen in the time-force plots, the navigation assistance algorithm auto-
matically generates the repulsive forces in real-time that are necessary to avoid
collision so that the Smart Hoist can navigate through the doorway without
colliding. However, the two scenarios cannot be directly compared as it is im-
possible to introduce a forward only force on the handles when pushed manually.
Because these forces are proportional to the carer’s input force there would never
be a repulsive spring action that could negatively affect the carer’s experience.
5 User Trials
The design of the Smart Hoist was a reiterative process, which involved a series
of demonstrations and user trials at IRT Woonona care facility. The user trials
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Start
Fig. 4: The narrow doorway used for the experiments in Section 4.3.
































Fig. 5: Push using (a) exerting forces on the handles, (b) simulated force on the
handles.
described below were conducted prior to the implementation of the navigation
assistance strategy to obtain initial user feedback. (Fig. 6).
The first prototype of the Smart Hoist was constructed to meet the design
specifications that were laid down during the earlier co-design workshops. A user
trial with this prototype was conducted early December, 2013 in order to gauge
the carer’s first impressions of the Smart Hoist. 15 volunteers were introduced
to the use of the Smart Hoist and were asked to perform basic manoeuvres.
Feedback received from carers during the early design stages of the project and
the user trial was extremely valuable in the development of the Smart Hoist.
Table 1 lists a summary of important comments from that trial. The Smart
Hoist underwent many hardware and software changes based on the feedback.
(a) (b) (c)
Fig. 6: User trials conducted at IRT Woonoona, Australia.
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The second trial was conducted in late March 2014 with approximately 50
carers. The carers participated in an interactive training workshop, after which
they were asked to perform a complete patient transfer from bed to bathroom
in a simulated environment. The exercise included complex manoeuvres such
as lifting a patient from a bed, navigating through corridors and around tight
corners and lowering the patient into a chair. The aim of this experiment was to
assess the intuitiveness and responsiveness of the Smart Hoist in comparison to
a standard hoist in a routine exercise. The preliminary outcomes of the second
trial upheld the results from the first user trial.









Confidence Driving & Turn-
ing
7 – “Need to be slow when moving side-
ways and turning under load”
– “Too slow to change to sideways mode”
Comfort &
Ease of use
Handles & Grips 6 – “Needs too much force”
Screen 8 – “Bigger icons and text”
– “High contrast and brightness”
– “Include descriptions for the icons”
– “Arrow to indicate the wheel direction”
Batteries 9 – “Long but OK”
– “No heavier please”
– “Must charge fast”
Cameras 9 – “Need a higher field of view”




Overall 10 – “I was never worried about my feet”
6 Conclusion
This paper describes a navigation strategy for a novel assistive robot developed
by the University of Technology, Sydney, working collaboratively with the staff
at IRT Woonona Residential Care Facility. The aim was to reduce the likelihood
of workplace injuries being sustained by care workers in aged and disabled care
sectors when transferring residents.
Smart Hoist is an extension of a standard hoist, apart from being motor
driven, it also offers a number of attractive features. Similar to a standard hoist,
the it is operated by applying forces on its handles. This intuitive control system
allows carers to seamlessly migrate to the Smart Hoist without an added learning
curve that is usually associated with most assistive robotic devices. It also senses
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its environment using an RGB-D sensor in order to provide navigation assistance
to the carer in confined spaces.
Further evaluation of the benefits of the Smart Hoist, using Electromyo-
graphic (EMG) readings of the major muscles involved in manoeuvring the hoist
is planned to be conducted in a forthcoming extended user trial. A thorough post-
deployment evaluation and comprehensive comparison with the second user trial
outcomes will also be a part of this exercise. Future work also includes further
extending and improving the navigation assistance algorithm.
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